Background. Incidences of esophageal cancer and obesity are both rising in the United States. The aim of this study was to determine the influence of elevated body mass index on outcomes after esophagectomy for cancer. Methods. Overall and disease-free survivals in obese (BMI C 30), overweight , and normal-weight (BMI 20-24) patients undergoing esophagectomy constituted the study end points. Survivals were calculated by the Kaplan-Meier method, and differences were analyzed by log rank method. Results. The study included 166 obese, 176 overweight, and 148 normal-weight patients. These three groups were similar in terms of demographics and comorbidities, with the exception of younger age (62.5 vs. 66.2 vs. 65.3 years, P = 0.002), and higher incidence of diabetes (23.5 vs. 11.4 vs. 10.1%, P = 0.001) and hiatal hernia (28.3 vs. 14.8 vs. 20.3%, P = 0.01) in obese patients. Rates of adenocarcinoma histology were higher in obese patients (90.8 vs. 90.9 vs. 82.5%, P = 0.03). Despite similar preoperative stage, obese patients were less likely to receive neoadjuvant treatment (47.6 vs. 54.5 vs. 66.2%, P = 0.004). Response to neoadjuvant treatment, type of surgery performed, extent of lymphadenectomy, rate of R0 resections, perioperative complications, and administration of adjuvant chemotherapy were not influenced by BMI. At a median follow-up of 25 months, 5-year overall and disease-free survivals were longer in obese patients (respectively, 48, 41, 34%, P = 0.01 and 48, 44, 34%, P = 0.01). Conclusions. In our experience, an elevated BMI did not reduce overall and disease-free survivals after esophagectomy for cancer.
The incidence of esophageal cancer in North America has been increasing in the recent years. In 2009, there were more than 16,000 new cases diagnosed in the United States and 14,530 deaths from disease. 1 Although the explanation for this increase remains unclear, increasing epidemiologic evidence points to a direct correlation of obesity with gastroesophageal reflux disease and adenocarcinoma of the esophagus and esophagogastric junction. [2] [3] [4] As obesity rises in our society, surgeons will be increasingly performing esophagectomies for cancer in obese patients. Surprisingly, the implications of obesity on outcomes in the management of esophageal cancer have not been systematically addressed. We aimed to study the influence of body mass index on perioperative and longterm results after esophagectomy for cancer. The primary end points for this study were overall survival (OS) and disease-free survival (DFS). The secondary end points were incidence of perioperative morbidity and mortality.
METHODS
In 2006, after institutional review board approval, the gastrointestinal department at Moffitt Cancer Center established a database of esophagectomy cases by performing a retrospective chart review of patients operated on at Moffitt Cancer Center between 1994 and 2008. The data collected for the database included patient demographics, preoperative symptoms, Charlson comorbidity index, risk factor history, family history, tumor stage and histopathologic features, perioperative events, and complications. 5 Chart reviews were performed solely by experienced clinicians and were recorded on standardized abstraction forms. Data were entered into a secure Webbased data entry system and uploaded into an Access database by a data analyst. Ambiguities in any data points were discussed by the committee, researched, reviewed, and corrected. Currently 541 patient charts have been abstracted and are available for analysis.
All patients included in our study underwent staging with physical examination, esophagogastroduodenoscopy, endoscopic ultrasound, computed tomographic scans, computed tomographic/positron emission tomography or positron emission tomography scans, and cardiopulmonary clearance. The extent of esophageal resection (transthoracic, transhiatal, or three-field esophagectomy) and use of neoadjuvant therapy were determined by preoperative staging, multidisciplinary discussions, and surgeon preference. All pathology specimens taken during the initial endoscopic biopsies were assessed and confirmed by our pathologists before initiation of neoadjuvant therapy.
The database was queried to include all patients with recorded data on height and weight before surgery. Body mass index (BMI) was calculated according to a standardized definition as weight in kilograms divided by height in meters squared. We defined obesity according to the World Health Organization's definition as BMI C 30. 6 We stratified patients into three BMI categories: obese (BMI C 30), overweight (BMI [25] [26] [27] [28] [29] , and normal weight . Patients considered malnourished at time of surgery (BMI \ 20) were excluded. Variables analyzed included demographic data, intraoperative and postoperative outcomes, and survival data. For the demographic data, we looked at differences in comorbidities, tumor characteristics, staging, chemoradiation, operative procedure, operative variables, and pathological variables between BMI groups.
Statistical analyses performed included univariate analyses of demographic and complication data. For these analyses, we used v 2 or Fisher's exact tests, as appropriate for categorical data and mean differences were examined for continuous data by ANOVA. Logistic regression was performed to estimate the magnitude of association (odds ratio) and 95% confidence interval of any complication. All multivariate analyses were controlled for type of surgery, age, preoperative stage, estimated blood loss, length of operation, administration of neoadjuvant chemoradiation, and diabetes. Survival analyses were performed by Kaplan-Meier curves with log rank tests for significance. All statistical tests performed were two-sided and declared at the 5% significance level. Statistical analyses were performed with Stata SE (Stata Statistical Software, release 9.0; StataCorp, College Station, TX).
RESULTS

Patient Demographics
From our esophageal database of 541 patients, 510 patients (94.2%) met our inclusion criteria for analysis. 10 .1%, P = 0.001); they also had higher incidences of hiatal hernias (28.3 vs. 14.8 vs. 20.3%, P = 0.01). There were no statistical differences between groups in frequency of coronary artery disease (P = 0.22), peripheral vascular disease (P = 0.41), cerebrovascular disease (P = 0.74), congestive heart disease (P = 0.57), chronic obstructive pulmonary disease (P = 0.95), renal insufficiency (P = 0.69), American Society of Anesthesiologists score (P = 0.37), and history of smoking (P = 0.74) or alcohol use (P = 0.24). Gastroesophageal reflux (53.6 vs. 47.7 vs. 42.6%) and Barrett esophagus (31.9 vs. 24.4 vs. 21.6) were slightly more frequent in obese patients without reaching significance (P = 0.16 and P = 0.12, respectively). Serum albumin levels were similar across BMI group (4.0 vs. 3.9 vs. 3.8, P = 0.3).
Pathologic Features and Treatment Details
Eighty-eight percent of patients were diagnosed with adenocarcinoma and 12% with squamous-cell carcinoma. Incidence of adenocarcinoma was higher in overweight and obese patients (90.8 vs. 90.9 vs. 82.5%, P = 0.04). There was no significant difference in the distribution of preoperative American Joint Committee on Cancer stage among normal-weight, overweight, and obese patients (P = 0.7). However, a significantly smaller percentage of obese patients received neoadjuvant chemotherapy (47.6 vs. 54.5 vs. 66.2%, P = 0.004) compared to overweight and 
Additionally, there were no significant differences across groups in rates of R0 resection (P = 0.9). Finally, no difference was noted in postoperative pathologic stage (P = 0.9) and rates of administration of postoperative chemotherapy (P = 0.7).
Perioperative Outcomes
The mean estimated blood loss in milliliters (356 vs. 281 vs. 293) for obese, overweight, and normal-weight patients did not differ among groups (0.2, respectively), nor did the mean length of hospitalization in the obese patient population (13.4 days compared to 12.1 days in overweight and 12.8 days in normal-weight patients; P = 0.3). However, the mean length of operation for obese patients was higher at 291 min, compared to 266 min in overweight and 271 min for normal-weight patients (P = 0.02). As shown in Table 2 , there were no significant differences in the frequency of individual postoperative complications: respiratory failure (P = 0.7), pneumonia (P = 0.8), intraoperative cardiac complications (P = 1.0), extended intensive care unit stay (P = 0.9), anastomotic leak or stricture (respectively, P = 0.4 and P = 0.9), venous thrombosis (P = 0.8), pulmonary embolus (P = 0.3), surgical site infections (P = 0.8), or reoperations (P = 0.6). These results were maintained when examining the frequency of any complications across BMI groups (P = 0.3). The 30-day mortality among all patients was 2.65%. Stratification by BMI revealed no differences among groups: 3.61% in obese patients, 1.70% in overweight patients, and 2.70% in normal-weight patients (P = 0.56).
Multivariate logistic regression analyses of three frequently occurring complications (surgical site infection, pneumonia, and anastomotic leak) and onset of any postoperative complication are presented in Table 3 . In the multivariate analyses, there were no statistically significant associations between BMI C 30 and postoperative complications controlling for age, diabetes, stage, neoadjuvant therapy, extent of surgery, intraoperative blood loss, and length of operation. Obese patients were found to be 1.32 times more likely to have any postoperative complication compared to normal-weight patients; however, this was not statistically significant (P = 0.1).
We then sought to identify the possibility of a confounding volume and temporal relationship between obese patients and operative outcomes. Patients were stratified according to timing of their operation, as follows: time strata (TS) 1, 1994-1998; TS 2, 1999-2003; and TS 3, 2003-present. There were equal amounts of obese patients identified in each time strata: 34.9, 36.5, and 31.6%, respectively. When investigating the probability of any complication between increasing BMI across each time strata, there were again no differences in complications noted between obese patients, overweight, and normalweight patients in TS 1 (P = 0.80), TS 2 (P = 0.13), and TS 3 (P = 0.20). We then compared all time strata to identify any potential differences in complications and BMI between strata (TS 1 vs. TS 2 vs. TS 3). No statistical differences were noted across time strata (P = 0.13), suggesting that our results of BMI and outcome were not confounded by more esophagectomies performed in obese patients later in our experience.
Long-Term Survival
Two patients (0.4%) were lost to follow-up. The median follow-up for the remaining 488 patients was 25 months ([47 months in 75% of patients). As shown in Fig. 1 , there was a statistical improvement in 5-year OS and DFS noted in obese patients (respectively, 48, 41, 34%, P = 0.05; and 48, 44, 34%, P = 0.01; Fig. 1 ). The median OS was 58 months for obese, 43 months for overweight, and 24 months for normal-weight patients (P \ 0.01). The median DFS was 58 months for obese, 38 months for overweight, and 21 months for normal-weight patients (P \ 0.01).
DISCUSSION
In the United States, approximately two-thirds of all adults are overweight or obese, and nearly half the U.S. population (45%) is expected to be obese by 2020. 7, 8 In line with recent epidemiologic data, most of our patients (342, 70%) were overweight or obese. It is readily evident that research on association of obesity with surgical risks and postoperative survival is increasingly important. However, despite the current national obesity trends, the surgical community has only recently started investigating effects of high BMI on surgical and oncologic outcomes. Data regarding the effects of obesity on perioperative outcomes of various surgical procedures have so far provided inconsistent results. Some authors have found that an elevated BMI is an independent predictor of morbidity, whereas others have argued that rates of complications in obese patients are directly attributable to clustered risk factors such as smoking or diabetes, and that high BMI is not a risk factor for major postoperative complications (perhaps aside from an increased incidence of minor wound complications) or death.
9-21 Some of these discrepancies could be explained by use of different definitions of perioperative complications and obesity (especially in reports from eastern Asia), inclusion of heterogeneous surgical procedure, and lack of statistical power (especially for groups in the highest BMI categories).
In the present study, we found that an elevated BMI does not increase rates of perioperative complications, and may in fact be associated with improved long-term outcomes.
In the past, only a few studies have focused on BMI and gastroesophageal surgery. Several studies have found increased incidence of postoperative complications after gastrectomy in overweight or obese patients but no differences in mortality rates. [22] [23] [24] Scipione et al. compared 133 profoundly obese patients (BMI C 35) undergoing transhiatal esophagectomy for either benign or malignant diseases with a matched randomly selected, nonobese (BMI 18.5 to 30) control population of 133 patients. 25 In this study, profoundly obese patients had higher intraoperative blood loss (361 vs. 492 ml, P = 0.001), greater need for partial sternotomy to gain access to the cervical esophagus (3 vs. 18, P = 0.001), and higher frequency of recurrent laryngeal nerve injury (0 vs. 6, P = 0.04). There were no statistically significant differences in the occurrence of chylothorax, wound infection, dehiscence rate, or length of hospital stay.
Thus far, only two papers have investigated influence of BMI on postoperative outcomes in patients operated on for esophageal cancer. 26, 27 In a series of 150 patients, Healy et al. found that obese patients have increased respiratory complications (P = 0.037), anastomotic leaks (P = 0.009), blood transfusions (P = 0.021), and length of stay (P = 0.001), but no difference in mortality. 26 Morgan et al. 27 found no correlation between BMI, morbidity, and mortality in 215 patients undergoing esophagectomy for cancer.
In our experience, even though patients with BMI [ 25 were older and had a higher frequency of diabetes, we found that obesity did not increase the perioperative morbidity or mortality of esophageal resection for cancer. As in other previous reports, however, our analysis has a few limitations that need to be acknowledged. First, in our BMI calculation, we used weight before surgery, which did not take into account malnutrition and weight loss in patients who received neoadjuvant treatment. Confounding factors could have been introduced by patients with an elevated BMI before neoadjuvant treatment who lost enough weight to be classified in a lower-weight category at the time of surgery. Second, few patients (17, 10.2% of obese population) in our study had BMI [ 40. As mentioned earlier, previous research has suggested that number of complications greatly increase in patients with extreme obesity. 16 Because very few of these patients were included, our results should not be generalized to patients in the extreme obesity class. Third, this study is based on the experiences of high-volume esophageal surgeons, and the overall rates of intraoperative and postoperation complications are relatively low. Therefore, the number of events in patients who were obese and patients of normal weight might have been too small to adequately assess the differences between the two groups.
Aside from postoperative complications, our study also adds further data to existing evidence on influence of BMI on cancer treatment delivery and oncologic outcomes.
Although no difference in administration of neoadjuvant treatment was found by Morgan et al., Healy et al. demonstrated that obese patients were more likely to receive multimodal therapy (50 vs. 67%, P = 0.18), a finding exactly opposite to ours (Table 1) . 26, 27 We do not have a clear explanation for these differences across studies; given the retrospective nature of these reports, it is possible that selection bias may have played a role.
Authors have investigated the adequacy of lymphadenectomy in obese patients during gastroesophageal surgery. Healy et al. demonstrated a marked decrease in number of collected lymph nodes in obese patients, a finding in line with a similar report showing impaired lymphadenectomy in obese patients with gastric cancer. 26 Our findings parallel those of Morgan et al., who reported no statistically significant difference in number of lymph nodes between obese and nonobese patients. 27 However, the number of collected lymph nodes in our experience was lower than what most authors would consider optimal, even after neoadjuvant treatment. We do not perform extended en-bloc resections; however, we do include in the specimen any connective, adipose, and lymphatic tissue surrounding the esophagus, stomach, and left gastric artery. It is conceivable that by increasing the number of collected nodes, a difference between groups could become evident.
Our finding of equal rate of R0 resections seem to support the concept that adequacy of oncologic esophageal resection is not compromised in obese patients, as previously reported by Healy et al. 26 End points for our study were OS and DFS after esophagectomy.
At a median follow-up of 25 months, we found that an elevated BMI is statistically significantly associated with improved OS and DFS. We should acknowledge that this result might be influenced by unmeasured confounding factors, such as selection criteria and migration to lower BMI category of individuals with severe preoperative weight loss and malnutrition. However, our observation is not novel because a survival advantage in patients with high BMI has been repeatedly described for renal cancer Tokunaga et al. found that in their series of 7925 patients operated on for gastric cancer, BMI C 25 was associated with improved OS (81.5 vs. 71.3%, P = 0.001) and disease-specific survival (84.0 vs. 76.7%, P = 0.001). 31 Trivers et al. illustrated a population-based study including 1142 patients with esophageal or gastric cancer; among patients with esophageal adenocarcinoma (N = 293), overweight patients (BMI 25-29.9) had improved survival compared to normal weight (adjusted hazard ratio, 0.65; 95% confidence interval, 0.51-0.86). However, this study population was quite different from ours; it also included patients with unresectable disease and patients who did not undergo surgical treatment. 29 In the articles by Healy et al. and Morgan et al. (median follow-up, respectively, 39 and 23 months), no difference in survival was seen between obese and nonobese patients after esophagectomy. 26, 27 Our data suggest a possible difference in biologic behavior of esophageal cancer in obese patients, which may portend a survival benefit. It is possible that multiple hormonal/endocrine and maybe nutritional factors contribute to the positive effects of obesity in esophageal cancer. Further basic biologic research is needed to elucidate this mystery.
In conclusion, our data confirm that carefully selected patients with high BMI can safely undergo esophageal resection without compromising rates of R0 resections and number of collected lymph nodes. Postsurgical morbidity and mortality are not affected by high BMI despite a higher rate of underlying diabetes. Obese patients were found to have longer DFS and OS in lieu of a lower incidence of preoperative multimodal treatment. The reasons behind these findings remain unclear and may be the result of selection bias and other confounding factors. Further studies are needed to clarify the biologic behavior of esophageal cancer in obese patients. 
